OBJECTIVES: Prediction of atrial fibrillation (AF) after coronary artery bypass grafting (CABG) may lead to preventive or early treatment and improved outcome. We investigated the association of serial perioperative cardiac troponin T (cTNT) measurements with postoperative AF in patients undergoing CABG.
INTRODUCTION
Atrial fibrillation (AF) is frequently seen in patients undergoing cardiac surgery; incidence rates of 16-40% after coronary artery bypass grafting (CABG) and 27-62% after valvular surgery have been reported [1] [2] [3] . Development of postoperative AF leads to increased morbidity and prolonged intensive care unit (ICU) and hospital stay; it is associated with a need for prolonged inotropic support, higher ICU readmission rate, congestive heart failure, reintubation and shock [1] . AF after cardiac surgery could predict in-hospital, as well as mid-term and long-term survival [4, 5] . Early treatment, aiming at conversion to sinus rhythm and-if this failscontrol of the ventricular rate, is recommended.
Numerous trials have investigated different pharmacological interventions for prevention of AF after cardiac surgery; pretreatment with statins was studied most extensively and has been shown to be effective [6] . Pretreatment or early treatment with beta blockers or amiodarone reduced the risk as well [7, 8] . However, pretreating all patients increases costs and risk of drug toxicity. To identify patients at high risk of development of AF, optimally benefitting from preventive or early treatment, various perioperative risk factors and predictors have been identified (among which are male sex, high body mass index, prior AF, preoperative lung disease, high preoperative C-reactive protein, high preoperative brain natriuretic peptide and withdrawal of beta blockers) [1, [9] [10] [11] [12] . The most robust risk factor for development of AF after cardiac surgery is advanced age [1, 9, 11] . Despite extensive research and detection of multiple risk factors, no sub-group clearly eligible for pharmacological prevention has been identified.
Cardiac troponin is a marker for myocardial damage in patients undergoing CABG or patients with myocardial infarction. The peak value reflects the extent of myocardial damage and postoperative elevation is a predictor of adverse outcome (myocardial infarction, shock and mortality) [13, 14] . Furthermore, increased preoperative cardiac troponin was found to be associated with morbidity and mortality [15] .
Although the pathophysiology of AF after CABG is multifactorial, perioperative systemic inflammation plays an important role [16] . The extent of myocardial damage, reflected by the degree of postoperative myocardial enzyme elevation, may be associated with the development of AF as well; more extensive surgery might lead to oedema and myocardial cell decay, further interrupting electrical impulses and increasing the risk of developing an irregular rhythm. Therefore, we hypothesized that perioperative cardiac troponin T (cTNT) levels may be associated with postoperative AF. This hypothesis is supported by relatively small studies of perioperative levels of cardiac enzymes after cardiac, thoracic and gastro-intestinal surgery and the development of AF [17] [18] [19] [20] [21] . The aim of the present study was to assess the association of pre-and postoperative cTNT measurements with AF after CABG in patients with preoperative sinus rhythm.
PATIENTS AND METHODS

Study sample
We prospectively obtained data from 3649 patients undergoing elective CABG between 1 January 2004 and 31 December 2008 in our institute. We included both on-and off-pump procedures. Patients undergoing valvular or rhythm surgery were not evaluated. Patients with a myocardial infarction within 4 weeks before surgery (n = 234) or with a prior episode of AF (n = 267) were excluded from the analysis. A total of 3148 patients fulfilled the inclusion criteria and were enrolled in this study.
Treatment
All patients were preoperatively evaluated at the outpatient department of the cardiothoracic surgeon. Preoperative work-up consisted of lab screening (including myocardial enzymes, coagulation factors, haemoglobin level and renal function parameters), electrocardiogram (ECG), cardiac ultrasound and coronary angiography. Patients were admitted to the cardiothoracic ward on the day before surgery. On Day 1, surgery was performed using the same potassium magnesium lidocaine blood cardioplegia in all the patients. Postoperatively, patients were admitted to the ICU. In case of uncomplicated postoperative course, cardiac inotropic support (if present) was phased out and patients were generally extubated after 2-6 h. If patients were haemodynamically stable and off ventilation and if blood loss was limited, they were discharged from the ICU to the general cardiothoracic ward (usually on the first postoperative day). Patients were generally discharged from the hospital on Day 8-12 of admission. In our hospital, all perioperative data regarding case mix, preoperative risk and comorbidity, treatment modalities and outcome parameters are prospectively entered in a clinical database [22] .
Data collection
Postoperative assessment of heart rhythm was performed with continuous telemetry for at least 48 h. If no cardiac events occurred during the first 2 days, an ECG was performed daily or at clinical necessity until discharge from the ward. Any episode of AF lasting at least 5 min or requiring intervention because of symptoms or haemodynamic consequences was scored. The type of intervention was left to the attending physician's discretion, but was based on an institutionally standardized treatment protocol for postoperative AF.
Troponin measurements were performed at three fixed time points. The first assessment was performed after induction of anaesthesia, but before surgery (cTNT0). Subsequently, troponin measurement was performed at arrival on the ICU (cTNT1) and 8-12 h later (cTNT2). In case of decreased cTNT on the first postoperative day and uncomplicated postoperative course, no further troponin measurements were performed. If no decrease was noted, troponin assessment was continued until a decrease was observed or an intervention was warranted. The highest troponin value in the first 48 h after surgery was recorded also (cTNTmax). In our institute, a cTNT value of <0.01 ng/ml is classified as normal in patients with (suspected) myocardial ischaemia not undergoing cardiac surgery. A cTNT value of >0.5 ng/ml in combination with ischaemic ST-changes on the ECG is classified as abnormal in patients undergoing CABG surgery.
Preoperative lung disease was classified as any pulmonary disease preoperatively diagnosed by a pulmonologist, usually requiring daily maintenance medication (mainly chronic obstructive pulmonary disease or sarcoidosis). Intraoperative ischaemia was defined as a decrease of ≥2 mm in the ST-segment of the ECG with reference to the preoperative ST-segment. Postoperative myocardial infarction was based on either the occurrence of new Q-waves on the ECG or ischaemic ST-changes in combination with abnormal postoperative TNT-levels (>0.5). Shock was classified as severe haemodynamic insufficiency requiring vasoactive medication. Systemic inflammatory response syndrome (SIRS) was defined according to international definitions, being two or more of the following criteria: body temperature <36°C or >38°C, heart rate >90 beats per min, tachypnoea with >20 breaths per min or an arterial partial pressure of carbon dioxide of <4.3 kPa and/or leucocytes <4000 cells/ mm 3 or >12 000 cells/mm 3 or the presence of >10% immature neutrophils. Multiorgan failure is the presence of altered organ function of two or more organs such that homeostasis cannot be maintained without intervention. Inotropic support was classified as treatment with dopamine, dobutamine or corotrope.
Statistical analysis
All statistical tests were two-sided, a P-value of <0.05 was considered significant. Crude differences between groups with and without AF were tested with the Student's t-test (continuous variables with Gaussian-shaped distribution), Mann-Whitney test (ordinal or continuous variables with skewed distribution), Fisher's exact test (categorical dichotomous variables) and the exact trend test (variables with three or more ordered categories). We performed a multivariable logistic regression analysis to assess the effect of various cTNT values on the occurrence of postoperative AF, adjusted for potentially confounding factors as known from the literature. cTNT values were entered in the model as continuous variables after logarithmic transformations. Odds ratios (ORs) with 95% confidence intervals (95% CI) were estimated to quantify the effect of the various explanatory variables on the occurrence of AF. For comparison, we also performed a logistic regression analysis with categorized cTNT values (≤0.25, 0.26-0.50, ≥0.51 ng/ ml). Differences in cTNT values (log transformed) between groups with and without AF combined with inotropic support were tested with ANOVA; differences in raw cTNT values for other groups were tested with the Mann-Whitney (two groups) or the Kruskal-Wallis (more than two groups) test. Performance of the various cTNT assessments in relation to the occurrence of postoperative AF was quantified by calculation of area under the curve (AUC) of receiver operating characteristic (ROC) curves.
RESULTS
Postoperative AF occurred in 1080 (34%) of 3148 patients. In Table 1 preoperative characteristics are presented, sub-divided by the occurrence of postoperative AF. The cTNT value prior to incision, after induction (cTNT0) was significantly higher in patients who developed postoperative AF (0.11 vs 0.07, P = 0.005).
Intra-and postoperative characteristics in total and by the occurrence of AF are presented in Table 2 . cTNT2 and cTNTmax were significantly higher in patients with postoperative AF (both P < 0.001), while cTNT1 was not (P = 0.051). Patients with AF were more often readmitted to the ICU (P = 0.005) and had a significantly longer hospital stay (P < 0.001).
In a multivariable analysis (Table 3) , cTNT values were not independently associated with the development of AF. The number of patients deleted from the multivariable analysis due to missing values varied between 29 and 42%. The effect of cTNT on the occurrence of AF is presented as an OR resulting from a 2-fold increase in cTNT. In all the four models, age (P < 0.001) and any postoperative infection (P < 0.001-0.001) were significantly associated with the development of AF. Further, postoperative inotropic support, especially longer than 48 h, was significantly associated with the development of AF (P < 0.001). Performing the analysis with categorized cTNT values did not change the results. Further, changes in cTNT values (cTNT1-cTNT0 and cTNT2-cTNT0) did not have significant effects on AF either (P-values 0.074 and 0.61, respectively).
In order to try to narrow our model, we performed a stepwise backwise elimination procedure as well (P-in 0.05, P-out 0.10; containing all variables but cTNT and then adding each cTNT value to the reduced model). This generated similar results (cTNT0 P = 0.099, cTNT1 P = 0.48, cTNT2 P = 0.99, cTNTmax P = 0.88).
Missing values were predominantly due to the variables preoperative lung disease (26% missing values) and cTNT0 (21% missing values). We have not imputed the missing values. The percentages of missing values in the four respective models presented in Table 3 were 42, 31, 33 and 28%. In none of the four models, these percentages were significantly related to the AF outcome or the cTNT variable at hand.
Additional analysis showed that inotropic support was the main confounding factor related to cTNT and postoperative AF. Lowest cTNT values were seen in patients without inotropic support and highest values were seen in patients receiving inotropic support longer than 48 h (Table 4) . Table 5 demonstrates various cTNT values after further stratification according to inotropic support and development of AF.
The association between perioperative cTNT assessments and postoperative complications is demonstrated in Table 6 , showing higher cTNT values in patients with negative outcome and prolonged hospital stay.
ROC curves, describing the performance of the various cTNT values in relation to postoperative AF, are presented in Fig. 1 . AUCs were highly significant for cTNT0, cTNT2 and cTNTmax (all P < 0.001), but not for cTNT1 (P = 0.051). However, the AUC was only 0.52-0.55, indicating that no cut-off point of cTNT at any of the time points can be determined for the prediction of AF.
DISCUSSION
This study shows a significant association between perioperative troponin T assessments and development of AF after CABG. Multivariable analysis showed that it was not independently associated with AF and ROC analysis demonstrated that no robust cut-off point could be established for prediction of AF. Further, we have shown that advanced age, inotropic support and any postoperative infection were independently associated with postoperative AF. Also, we found an interaction between cTNT, postoperative AF and postoperative inotropic support. After stratification for inotropic support, cTNT was highly significantly The value of perioperative cardiac enzyme assessment for the prediction of AF has been investigated earlier [17] [18] [19] [20] [21] . Gibson et al. [18] and Gasparovic et al. [19] investigated perioperative assessment of natriuretic peptides in cardiac surgery, both reporting an independent association with the development of AF. Gasparovic et al. [19] also investigated the value of perioperative cTNT. They found that patients with postoperative AF had significantly higher cTNT values, although they did not describe when cTNT measurements were performed. Further, Ahlsson et al. [17] found an independent association of postoperative creatine kinase-myocardial band with postoperative AF. Perioperative N-terminal pro-B-type natriuretic peptide was also an independent risk factor for the prediction of AF after oesophageal [21] and thoracic [20] surgery, both pre-and postoperatively. Use of cardiac enzyme assessment for prediction of AF after hospital admission for ischaemic stroke has been investigated as well; both troponin and natriuretic peptides were associated with the development of AF [23, 24] . However, all mentioned studied populations have been relatively small (142-524 patients). Since AF has a multifactorial pathophysiology, a larger number of patients is needed for robust multivariable analysis. Our study (3148 patients) confirms the previously found association of cardiac enzyme elevation with postoperative AF in a large group of patients after CABG.
Numerous trials have investigated several risk factors for postoperative AF after cardiac surgery. Age has been the most robust risk factor for AF [1, 9, 11] , which was confirmed by the results from our study. Further, we found that inotropic support was independently associated with postoperative AF. This association has been described earlier [1, 5] . Finally, we found an independent association of postoperative AF with postoperative infection (any infection, ranging from superficial inflammation of the leg wound to sepsis and SIRS). Although some trials found an association of AF with postoperative neutrophil/lymphocyte rate [25] or wound infection [5] , the association with postoperative infections has not been described earlier.
The interaction between inotropic agents and AF is not completely clear. In our opinion, the relation could be evaluated from two sides. First, patients with postoperative AF will need more and prolonged inotropic support for maintenance of an adequate haemodynamic state. On the other hand, patients needing inotropic support will have a higher probability of developing an irregular rhythm as a side effect of inotropic agents. Although the relationship between AF and inotropic support is not fully elucidated, we have shown that stratification according to inotropic support further increases the value of sequential troponin measurements for prediction of postoperative AF. The shown interaction between inotropic support and AF should lead physicians to have more interrogations about the use of inotropic agents in postoperative patients in an attempt to guarantee a stable haemodynamic status whereas, in the same time, it may increase hazard to promote AF and therefore to misbalance haemodynamic status.
In a large proportion of patients undergoing CABG, no severe complications will be experienced [15] . If severe complications are seen, this is usually a combination of various problems: infection, SIRS, sepsis, low cardiac output syndrome, shock, multiorgan failure, myocardial infarction, irregular rhythm, etc. Theoretically, this will be the group of patients with increased perioperative troponin as well, which is supported by this study (Table 6 ). We have shown that troponin is increased in patients with different sorts of complications. In our study, 32 patients died before measurements of cTNT were completed while being AF-free. Their follow-up duration was on average 9.4 days (median 3 days, range 1-59 days) after hospitalization. This might have influenced our results, since in the logistic regression analyses these patients were considered having no AF. We also investigated the sensitivity of the logistic regression results with this group of 32 patients combined with the AF-group, so that the opposite outcome would be interpretable as 'AF-free survival'. It appeared that this hardly influenced the effects of the respective cTNT variables on the combined AF-death event; the respective P-values were 0.060, 0.53, 0.95 and 0.79, using the same logistic regression models as in Table 3 .
Concluding, we have shown a significant univariable association of perioperative cTNT with the development of AF after CABG. However, cTNT was not independently associated with AF. Based on poor AUCs, we found no predictive value of perioperative cTNT for postoperative AF. Both perioperative cTNT and postoperative AF are associated with negative outcome and prolonged hospital stay. This shows again that cTNT values are a pejorative marker of postoperative complications. However, limitations of cTNT values have to be considered, since we also showed that multiple factors might influence postoperative release of troponin. Similar to cTNT, the occurrence of AF depends on multiple factors directly related to the surgical procedure but also to the patient's characteristics. AF should be considered a similar pejorative marker. Finally, the association of both markers may be considered a strong predictive factor for postoperative complications. Lastly, our manuscript reminds surgeons and anaesthesiologists that AF and cTNT are markers of the whole quality of the surgical procedure that has to be adapted to patients' characteristics, but also to the quality of the postoperative haemodynamic management.
I read with great interest the article by Koolen et al [1] . The authors have studied the association between perioperative cardiac troponin T (cTNT) release and the development of postoperative atrial fibrillation (AF) in a large cohort of coronary artery bypass grafting (CABG) patients. Although elevated levels of cTNT were associated with the development of postoperative AF in univariate analysis, the finding was not stable in multivariate models, and the authors conclude that postoperative cTNT levels are not predictive of postoperative AF, and that both postoperative AF and cTNT are associated with negative outcome. This is, to my knowledge, the largest study so far of cardiac enzyme release and postoperative AF, and the regression models are well presented and transparent. The authors are to be congratulated for a nice study in an interesting subject.
In the present study, postoperative AF was defined as an episode of AF during hospital stay. While this is a common definition in clinical databases for practical reasons, it introduces an information bias. Patients with a longer hospital stay, for whatever reason, have a longer observation time leading to a higher probability of detection of an episode of AF than patients discharged within the normal time (who may experience undetected episodes of AF at home during the same time). As a longer hospital stay is correlated to complications like prolonged intensive care and sepsis, with a higher risk of postoperative AF, this will inevitably lead to a link between postoperative complications and postoperative AF [2] , as found in the present study. One way to correct for this information bias is to define postoperative AF as AF occurring during a specific period of time (in this case, the "normal" hospital stay) in which all patients can be observed. In this way, we might perhaps get closer to answering the question: if we were able to prevent postoperative AF, would this lead to less complications?
Researchers studying pathophysiology often look for animal models, which have a genetic tendency to develop the disease of interest, and in which different kinds of interventions are possible to study. In this context, the development of postoperative AF in patients undergoing cardiac surgery is a fascinatingly robust model of AF genesis in humans. Despite numerous efforts to reduce the incidence of postoperative AF by pharmacological or interventional treatment, the reduction has been only moderate [3] . The timely linkage between the inflammatory response after
